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Abstract: Adsorption of procion red on natural bentonite was studied by kinetic study to know the reactivity of 

procion red. Kinetic adsorption was determined using batch adsorption system at various times in several 

concentrations of procion red. Time of adsorption was investigated at 5, 10, 20, 30, 45, 60, 90, and 120 minutes in 10, 

25, 50, and 75 mg/L of procion red. The data was calculated using Langmuir-Hinshelwood kinetic equation. The 

diffusions process of procion red into bentonite at lower concentration was faster than at higher concentration in 

general with fit correlation between [(ln(Co/C))/C] vs t/C from Langmuir-Hinshelwood data. The adsorption procion 

red on bentonite data at various times shows Langmuir monolayer adsorption process in the surface of bentonite.  
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Abstrak (Indonesian): Adsorpsi procion merah pada bentonit alam telah dipelajari melalui studi kinetik untuk 

mengetahui reaktivitas procion merah. Kinetika adsorpsi ditentukan menggunakan sistem adsorpsi simultan pada 

berbagai waktu dalam beberapa konsentrasi procion merah. Waktu adsorpsi dipelajari pada 5, 10, 20, 30, 45, 60, 90, 

dan 120 menit pada konsentrasi procion merah 10, 25, 50, dan 75 mg/L. Data dihitung menggunakan persamaan 

kinetika Langmuir-Hinshelwood. Proses difusi procion merah ke dalam bentonit pada konsentrasi rendah lebih cepat 

dibanding pada konsentrasi lebih tinggi secara umum dengan hubungan korelasi yang lurus antara [(ln(Co/C))/C] 

versus t/C dari data Langmuir-Hinshelwood. Adsorpsi procion merah pada bentonit dengan berbagai variasi waktu 

adsorpsi menunjukkan proses adsorpsi satu lapisan pada permukaan bentonit.  

Katakunci: adsorpsi, procion merah, bentonit alam, kinetik 

1. Introduction 

Recently, Indonesia’s textile industry has been raised 

as a direct result of the increasing of the fashion need in 

Indonesia. That phenomenon is increasing Indonesia 

economic development.  On the other hand, 

environmental risk is to be a serious problem. The textile 

factories produce colored dye wastewater disposal that 

harmful for aquatic organism even for human body. 

Moreover, many dyes used in textile factories are 

consisted by reactive group, such as aromatic and amines 

with high carcinogenic properties [1]. 

 

 
Figure 1. Chemical structure of procion red dye 

 

Procion red dye as illustrated in figure 1 is one of 

reactive dye that widely used in textile industry due to its 

reactivity and color stability [2]. This dye is also non-

biodegradable under aerobic condition. 

The removal of synthetic dye in waste industrial 

water has been studied in various ways. Many 

conventional technique including biological treatment, 

chemical and physical treatment are not effective enough 

to completely remove the synthetic dyes in textile 

industry wastewater disposal [3]. Recently, the 

adsorption technique is widely used as economical and 

environmentally friendly technique to remove dye 

contaminant in textile industry wastewater [4]. Although 

currently activated carbon is the most widely used 

adsorbent for dyes removal, the used of activated carbon 

is limited by its high cost production and regeneration 

problem [5]. 

The development of low-cost adsorbent materials for 

adsorption process has been tested such as natural 

zeolites, bentonites, or silica sands and shows high 

activity for adsorption of dyes in liquid system [6].   
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Natural bentonite is inexpensive material and largely 

available layer materials that have been widely used as a 

adsorbent material for many waste water pollutant due to 

its chemical and physical stability, high surface area, and 

high cation exchange capacity [7]. Natural bentonite is 

also available in large quantities and easily obtained in 

tropical country such as Indonesia [8]. Natural bentonite 

was largely used as effective adsorbent for several dyes 

such as congo red [9], methylene blue [10], procion red 

[2], basic red [11], reactive yellow [1], and also other 

acidic and basic dyes [12]. These process were 

emphasized on adsorption process only and limited study 

was found for kinetic studies in term of reactivity of 

adsorbate into adsorbent.  

In the present work, adsorption of procion red dyes 

using natural bentonite was studied through kinetic 

studies.  Adsorption rate constant from various 

concentration of procion red dye in several adsorption 

times was calculated using Langmuir-Hinshelwood 

equation. This equation assumed adsorption of procion 

red on bentonite was occurred in single layer on 

bentonite. Thus the adsorption rate constant was 

determined by plotting [ln(Co/C)/C] versus t/C form this 

equation. 

 

2. Experimental Sections 

2.1. Chemicals and Instrumentations 

Chemical used in this research (procion red dye) is 

supplied from Sigma Aldrich. Bentonite clay sample is 

obtained from Sarolangun District of Jambi Province. 

The bentonite clay characterization was performed using 

Shimadzu X-Ray Diffractometer Lab-X type 6000 at 

scanning speed 1 deg.min-1. The concentration of 

procion red dye solution is determined by 

spectrophotometry technique using Thermo Scientific 

Spectrophotometer UV-Visible GenesysTM 20.  

 

2.2. Natural Bentonite Preparation 

Natural bentonite sample used in this research was 

grounded from Sarolangun district, Jambi Province, 

Indonesia. The sample was washed twice with aquades 

then dried in oven at 80 oC. Bentonite sample then 

destructed and sieved to pass 100 mesh particle size 

using ASTM standard sieve.  The bentonite sample then 

characterized using powder XRD.  

 

2.3. Procion Red Dye Preparation 

Procion red dye stock solution (1000 mg/L) was 

prepared by diluting 1 g of procion red dye powder into 

1000 mL ultra-pure water on volumetric flask. Standard 

solution of procion red dye was prepared by diluting the 

dye stock solution into desired concentration.  

 

2.4. Adsorption Studies 

Batch experiments of procion red dye adsorption onto 

natural bentonite were conducted by adding 2 g of 

natural bentonite clay to 50 mL procion dye (10, 15, 25, 

50, 75 mg/L) on a horizontal shaker equipped with 250 

ml Erlenmeyer flask at room temperature. After a period 

of time, the dye solution was separated from the 

adsorbent and the procion red dye concentration was 

determined using UV-Vis spectrophotometer at 530 

wavelengths. 

The amount of procion red dye adsorbed onto natural 

bentonite clay calculated using the following equation: 

 

𝑞 =  
(𝐶0− 𝐶𝑒)𝑉

𝑚
 (1) 

 

where q is the amount of procion red dye adsorbed per 

unit weight of natural bentonite clay (mg/g), C0 is the 

initial concentration of procion red dye (mg/L), Ce is the 

concentration of procion red dye at equilibrium time 

(mg/L), V is volume of the solution, and m is dosage of 

the natural bentonite clay used (g)[13]. 

 The kinetics of adsorption process was studied by 

monitoring the amount of dye adsorbed with time. The 

adsorption time than varying from 5 to 120 minutes.  The 

data were calculated using following equation: 

 

ln
(𝐶0/𝐶)

𝐶
=  𝑘1

𝑡

𝐶
+ 𝐾  (2) 

 

Where C0 is initial concentration of procion red dye, C is 

the concentration of procion red dye after t minutes and 

K is adsorption equilibrium constant [14]. 

 

3. Result and Discussion 

3.1. Characterization of natural bentonite 

XRD powder pattern of natural bentonite is shown in 

Figure 2 showing typical diffraction peak of bentonite at 

2 of about 5o with wide and high pattern. Other 

diffraction peaks at 2 of about 19o, 20-23o, 26o, and 39o 

were related with others minerals. Diffraction peak at 2 

of about 19o related with illite which was layer material 

similar with montmorillonite at 2  of about 20-23o and 

26o. Diffraction peak at 2 of about 39o is related with 

quartz. These minerals were associated in bentonite due 

to layer materials in natural system. As for adsorbent, 

natural bentonite was washed with water three times and 

dried at 100 oC overnight. 

 

 
Figure 2. XRD powder pattern of natural bentonite clay 

 

3.2. Kinetic studies 

Figure 3 shows the effect of adsorption time on the 

adsorption of procion red onto bentonite. The adsorption 
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at initial time was very fast and the adsorption reach 

equilibrium at about 60 minutes in all concentration of 

procion red. In this time, all active sites of bentonite were 

fully filled with procion red as adsorbate.  However, 

from the adsorption profile, adsorption process was slow 

growth up to equilibrium at 45 minutes. Then adsorption 

time at 60 minutes was selected as adsorption 

equilibrium. 

  

 
Figure 3. Effect of adsorption time 

 

Kinetic study in the adsorption process is an 

important value on the study of the removal dyes as 

pollutant. Langmuir-Hinshelwood adsorption rate 

equation is used in the assumption that the adsorption 

obeyed Langmuir isotherm model with first order 

adsorption reaching equilibrium. The first order 

adsorption rate constant (k1) is calculated based on slope 

of equation (2) by fitting [ln(Co/C)/C] vs t/C. The data in 

Figure 3 was calculated using Langmuir-Hinshelwood 

equation and shown in Figure 4. It was found that 

correlation coefficient was fitted well. The good 

agreement of the adsorption data indicated the adsorption 

of procion red on bentonite following first order 

Langmuir-Hinshelwood equation. 

 
Figure 4. Adsorption kinetics of procion red dye onto 

natural bentonite clay 

 

Adsorption rate constant (k1) for each concentration 

of procion red on bentonite was summarized in Table 1. 

The data in Table 1 is clearly shows that k1 almost 

decrease with increasing concentration of procion red. 

These phenomena can be easily explained due to 

saturated procion red can decrease reactivity to be 

bonded or entrapped onto bentonite. According to Hu et 

al. [15] dyes can be adsorbed on bentonite through 

physical and chemical mechanisms which can be 

occurred in this process.   

 

Table 1. Kinetic parameters of procion red dye 

adsorption onto bentonite clay 

C0 (mg/L) k1 (min-1) R2 

10 0.0231 0.9873 

25 0.0168 0.9599 

50 0.0107 0.9576 

75 0.0064 0.9360 

 

4. Conclusion 

Adsorption rate of procion red on bentonite at lower 

concentration was faster than higher concentration. 

Langmuir-Hinshelwood kinetic model was fit well with 

experiment data showing monolayer adsorption process 

procion red on bentonite.  
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